Abstract. A number of observational studies have reported a connection between various lower atmospheric parameters and a range of geomagnetic and solar coronal indices. The bulk of the Sun's magnetised plasma energy is absorbed in the high-latitude upper atmosphere, far removed from the troposphere and the stratosphere, so a physical mechanism which accounts for these correlations has proved elusive. In this paper, a mechanistic three-dimensional model of the atmosphere between 10 and 130 km has been developed to demonstrate that high energy particles from the solar wind can perturb the winter stratosphere significantly. Planetary waves provide an effective means of coupling solar-induced changes in the thermosphere down to the stratosphere. A qualitatively similar response to forcing by increasing solar ultraviolet radiation was obtained even though there was no in situ forcing in the stratosphere.
Introduction
Chapman and Ferraro [1931] were the first to postulate the existence of a stream of ionized particles, ejected from the Sun and interacting with the Earth's atmosphere, to explain the occurrence of aurorae and other related disturbances. Most of the plasma that enters the Earth's magnetosphere is directed along magnetic field lines into the polar regions where it is deposited in the ionosphere and subsequently the thermosphere (for a review refer to Cowley [1996] ). There is evidence to suggest that the atmosphere below 90 km responds to solar coronal activity. For example, an examination of over one hundred crossings of the hellospheric current sheet by the Earth by Wilcox et al. [1973] produced significant reductions in the area of winter time troughs at 500 mb. Zonally averaged quantities are not always the best indicators of changes in the circulation. Constant pressure cross-sections of the best-fit temperature differences revealed considerable planetary wave structure in the geomagnetically induced perturbations in the winter stratosphere. As the winter stratospheric vortex was often disturbed and displaced from the pole by planetary waves, the extent of the external forcing was partially obscured using zonally averaged output. The difference fields themselves exhibited wave-like structures highlighting the contribution being made by planetary waves to the winter climatology. There was a warmer region during this ten day period over Southern Europe during active geomagnetic conditions indicating that the global response to external forcing need not be uni- Corpuscular emissions from the Sun are able to enter the Earth's upper atmosphere, especially at high latitudes and can bring about significant heating of the lower thermosphere. In addition, strong ionospheric convection currents are generated that accelerate the neutral atmosphere through friction. The resulting changes to the climatology of the lower thermosphere modify the propagation of waves travelling upwards from the lower atmosphere. In the current paper, we have investigated the role that planetary waves play in coupling the middle and upper atmospheric response to geomagnetic activity related changes.
Pudovkin and Veretenenko [1995] and $vensmark and
Using physically plausible levels of solar and planetary wave activity sustained over the Northern Hemisphere winter period, the extent of the stratospheric response was found to be comparable to that achieved in an earlier study that considered ultraviolet flux variations between solar minimum and solar maximum conditions. In the latter case, significant amounts of energy were being input directly into the stratosphere, whereas in the case of geomagnetic activity changes, the in situ contribution was negligible. Two ensembles of experiments were performed to enhance the statistical robustness of the results. The global lower thermosphere adjusted rapidly to relatively localised forcing near the magnetic poles, compared to the time scales of the planetary wave disturbances. Therefore, the stratospheric response was qualitatively similar to that obtained by ultraviolet radiation, even though the latter heating occurred in a different region of the atmosphere.
